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BIOENGINEERING PROBLEMS OF HABITABILITY OF SPACECRAFT AND PLANETARY STATIONS 

B.A. Adamovich, Yu.G. Nefedov 

The f u t u r e  development of rocket  engineer ing and cosmonautics 
provides  f o r  planned conquest of cosmic space and of t h e  s o l a r  system 
p l a n e t s  c l o s e s t  t o  Earth.  
f l i g h t s  w i l l  be  extended and t h i s  imposes s p e c i a l  condi t ions  wi th  r e spec t  
t o  development of medicobiological  provis ions .  

I n  t h i s  connection t h e  du ra t ion  of space 

The main problem w i t h  respect t o  medicobiological  p rov i s ions  f o r  
space  f l i g h t s  is  t h e  c r e a t i o n  of t h e  necessary  condi t ions  t h a t  would per- 
m i t  the c r e w  of a s p a c e c r a f t  o r  p lane tary  s t a t i o n  
o r  expedi t ion  program s u c e s s f u l l y  with a h igh  degree of r e l i a b i l i t y .  

t o  perform t h e  f l i g h t  

Medicobiological s a f e t y  of any space  f l i g h t  impl ies  t h e  need t o  
s o l v e  t h e  fol lowing b a s i c  problems : 

- development and e f f e c t u a t i o n  of r a t i o n a l  p repa ra t ion  of man 

- determina t ion  of man's phys io logica l  r e a c t i o n s  t o  extreme f a c t o r s  

- determina t ion  of permiss ib le  range of f l u c t u a t i o n  of s a n i t a r y -  

f o r  t h e  f l i g h t  ; 

of f l i g h t  ; 

hygienic  c h a r a c t e r i s t i c s  of t h e  inhabi ted  environment and phys io log ica l  
i n d i c e s  i n  r e l a t i o n  t o  t h e  norm under d i f f e r e n t  space f l i g h t  condi t ions ;  

f o r  v i t a l  a c t i v i t y  
and h igh  degree of e f f i c i e n c y  of t h e  crew throughout t h e  f l i g h t .  

- development and c r e a t i o n  of means providing 

1* 

The las t  two i t e m s  are of s p e c i a l  s i g n i f i c a n c e  s i n c e  they  u l t i m a t e l y  2 
determine t h e  requirements w i th  respec t  t o  implementation of medicobiolo- 
g i a l  s a f e t y  of space f l i g h t s .  
components of t h e  sc i ence  of h a b i t a b i l i t y  of s p a c e c r a f t  and p l ane ta ry  
s t a t i o n s .  

These two i t e m s  are e s s e n t i a l l y  t h e  main 

I n  o rde r  t o  f u l f i l l  success fu l ly  t h e  f l i g h t  program i n  a s e a l e d  
and r e s t r i c t e d  cabin f i r s t  of a l l  a favorable  environment must be c rea ted .  

The environmental  condi t ions  required by man i n  t h e  cabin  are 
maintained by a complex l i f e  suppor t  system f o r  t h e  crew of  a complex 
s p a c e c r a f t  o r  p l ane ta ry  s t a t i o n .  

The l i f e  suppor t  complex provides t h e  crew wi th  t h e  fol lowing:  

- n u t r i e n t s  (pro te ins ,  f a t s ,  carbohydrates ,  c e l l u l o s e ,  v i t amins ,  
sa l t s ,  etc) i n  a quan t i ty  of about 700 grams/man p e r  day; 

- pure dr inking  water i n  a quant i ty  of about 2200 grams/man d a i l y ;  
- oxygen i n  a quan t i ty  of about 800 grams/man d a i l y .  

--- 
*Numbers in the margin indicate pagination in the original foreign text. 
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The l i f e  support  systems remove from t h e  cabin  t h e  gas ,  f l u i d  
and s o l i d  products  of man's v i t a l  a c t i v i t y  and provide f o r  sanitary-hygien- 
i c  t rea tment  of the cabin and man. 

The concent ra t ions  of carbon dioxide and harmful admixtures i n  the  
cabin  atmosphere are maintained a t  maximum pe rmis s ib l e  levels. 

Comfortable cond i t ions  are provided i n  t h e  cabin  f o r  working, 
s l eep ing ,  and ea t ing .  

A i r  temperature  i s  maintained a t  t h e  pe rmis s ib l e  l e v e l  by means of 
a system of thermoregulat ion and a i r  condi t ioning.  

There are a l s o  p rov i s ions  f o r  p ro tec t ion  of the crew from cosmic 
r a d i a t i o n s ,  sys temat ic  monitor ing and t ransmiss ion  t o  Earth of d a t a  on 
t h e  health of t h e  cosmonauts. 

The complex of l i f e  support  systems f o r  cosmonauts is so  designed 
that t h e  t o t a l  weight of t h e  l i f e  support  systems, inc luding  t h e  weight 
of t h e  expendable foods s t o r e d  on board would be  a t  a minimum. For 
t h i s ,  o f  t h e  many means t h a t  could be used t o  s o l v e  t h e  problem set  
f o r t h ,  that of providing normal l i v i n g  and working condi t ions  i n  t h e  
cabin ,  on ly  those  are s e l e c t e d  that permit c r e a t i n g  the l i g h t e s t  systems 
f o r  t h e  s p a c e c r a f t  o r  s t a t i o n  f o r  the 
and du ra t ion  of f l i g h t  o r  expedi t ion .  

ass igned number of crew members 

Oxygen supply can be  provided i n  r e l a t i o n  t o  du ra t ion  of  t h e  
f l i g h t  : 

1. By provid ing  on board supp l i e s  of gas o r  l i q u i d  oxygen o r  
a supply of substances t h a t  con ta in  oxygen ( f o r  example, hydrogen pero- 
x i d e  o r  peroxide compounds of a l k a l i n e  metals); 

2. By using systems of oxygen regenera t ion  from carbon d ioxide  
exhaled by man. 

For regenera t ion  t h e  fol lowing can be used: 

- the method of d i r e c t  decomposition of carbon d ioxide ;  
- t h e  method of c a t a l y t i c  reduct ion  of carbon d iox ide  t o  carbon and 

water and subsequent 
e l ec t r i c  cu r ren t .  

decomposition of t h e  w a t e r  formed by 

3 .  By using p l a n t s  as sources  of oxygen and carbon d iox ide  ab- 
s o r b e r s .  

Water can be suppl ied :  

2 

3 1  

4 

1. On t h e  b a s i s  of providing a supply of dr inking  water on board;  
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2. By regenera t ion  of water from the l i q u i d  products  of man's 
v i t a l  a c t i v i t y  (by d i s t i l l a t i o n ,  c a x a l y t i c  p u r i f i c a t i o n ,  s o r p t i o n  pur i -  
f i c a t i o n  on ion  exchangers , e t c )  . 

Food can be s t o r e d  on board i n  dehydrated form; i n  a d d i t i o n  it  is 
p o s s i b l e  t o  have complexes i n  which: 

- t h e  p l a n t  component of t h e  r a t i o n  i s  obta ined  by c u l t i v a t i n g  
a lgae  on board t h e  s p a c e c r a f t  o r  s t a t i o n  and c u l t i v a t i o n  of vege tab les  
without  s o i l ;  

- animal p r o t e i n s  
maintained on t h e  c r a f t  . are obtained from lower o r  h ighe r  animals 

There are a l s o  o t h e r  means of meeting t h e  demands of cosmonauts 
w i th  r e spec t  t o  oxygen, w a t e r  and food. 

4 

It must be borne i n  mind t h a t  t h e  f i n a l  s e l e c t i o n  of l i f e  support  
t o  s o l v e  a concre te  problem can be made only a f t e r  a compre- systems 

hens ive  e s t ima t ion  of energy and weight c a p a b i l i t i e s  of t h e  rocke t  

b i o l o g i c a l  and engineer ing  c h a r a c t e r i s t i c s ,  and, f i n a l l y ,  a f t e r  conducting 
prolonged experiments w i t h  t h e  p a r t i c i p a t i o n  of man i n  a closed space  
under cond i t ions  s imula t ing  those  of a space  f l i g h t .  The l a t t e r  permits  
o f f e r i n g  recommendations p e r t a i n i n g  t o  permiss ib le  f l u c t u a t i o n s  of s a n i t a r y -  
hyg ien ic  parameters of t h e  environment and phys io log ica l  i n d i c e s  as 
w e l l  as development of t h e  needed measures provid ing  a h igh  degree of 
r e l i a b i l i t y  of system ope ra t ion ,  h igh  e f f i c i e n c y  of t h e  crew, which would 
undoubtedly h e l p  i n  t h e  s u c c e s s f u l  performance of t h e  f l i g h t  program, 
which usua l ly  inc ludes  a complex set  of physico-engineering and medico- 
b i o l o g i c a l  tests,  and w i l l  i n c r e a s e  t h e  s a f e t y .  

system and c r a f t  o r  p l ane ta ry  s t a t i o n ,  so lv ing  t h e  problem of  optimum 5 

The use  of information about t he  crew f o r  "opt imizat ion" of pro- 
cesses, c h a r a c t e r i s t i c s  and t h e i r  r egu la t ion  r e q u i r e s  f i r s t  of a l l  t h a t  
e f f e c t i v e  methods be c rea t ed  f o r  c o l l e c t i n g  and process ing  such informa- 
t i o n .  

This r e q u i r e s  f i r s t  of a l l  t h e  development of a lgori thms of auto- 
matic medical  and b ioengineer ing  monitoring, automatic  decoding of 
phys io log ica l  and engineer ing information,  automatic  d i agnos i s  and prognosis  
of man's condi t ion  and of any o t h e r  € ink  i n  t h e  complex of l i f e  support  
systems . 

It must be  borne i n  mind t h a t  a man i n h a b i t i n g  an a r t i f i c i a l l y  
c r e a t e d  environment i s  a t  t h e  same t i m e  t h e  most o b j e c t i v e  i n d i c a t o r  of 
t h e  e f f i c i e n c y  of t h e  elements forming the environment. It i s  p r a c t i -  
c a l l y  impossible  t o  create such a system of c e n t r a l i z e d  monitor ing t h a t  
would permit  d e t e c t i o n  of t h e  s l i g h t e s t  changes i n  concent ra t ion  of sub- 
s t a n c e s  t h a t  are p resen t  i n  n e g l i g i b l e  q u a n t i t i e s  i n  t h e  gas phase. A t  
t h e  same t i m e $  p r e c i s e l y  rnicrcquantities of some complex chemical compounds 
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. 
can in f luence  apprec iab ly  t h e  
an envixonemnt f o r  a long per iod  a f  time, t h i s  w i l l  i n e v i t a b l y  l e a d  
t o  v i s ib le  changes i n  v i t a l  systems of t h e  human organism. 
reason any complex of l i f e  suppor t  sys t ems  can e a r n  approval  only a f t e r  
prolonged i n v e s t i g a t i o n  and tests 

environment , and, when man remains i n  such 

For t u s  

with t h e  p a r t i c i p a t i o n  of man. 

Of s p e c i a l  s i g n i f i c a n c e  i n  such prolonged tests of b ioengineer ing  
l i f e  support  systems i s  t h e  s tudy  of compa t ib i l i t y  of the d i f f e r e n t  
l i n k s  i n  the systems. 

I n  developing l i f e  support  systems i t  is  a l s o  necessary  t o  bea r  i n  
man's l i f e  on board a spacec ra f t  o r  p l ane ta ry  s t a t i o n  proceeds mind that 

under cond i t ions  of an a l t e r e d  environment. Its most d i s t i n c t i v e  fea- 
t u r e s  are the lack of o r  low g r a v i t y ,  presence of a cons tan t  background 
of g a l a c t i c  cosmic r a d i a t i o n  which i s  v i s i b l y  g r e a t e r  than  on Ea r th ,  
and, f i n a l l y ,  a set of f a c t o r s  a r i s i n g  as a r e s u l t  of a prolonged s t a y  
i n  a s e a l e d ' s p a c e  of r e s t r i c t e d  s ize .  I n  the la t te r  case changes i n  
chemical composition of the a i r ,  i nc rease  in ae ro ion ,  ozone n i t r o g e n  
oxide concent ra t ion ,  probable  changes i n  i s o t o p e  composition of oxygen 
and n i t rogen  t h a t  could develop under t h e  e f f e c t  of cosmic r a d i a t i o n ,  
and i n c r e a s e  i n  b a c t e r i a l  contamination of t h e  environment wi th  p o s s i b l e  
change i n  p r o p e r t i e s  of microorganisms acqu i re  special s i g n i f i c a n c e .  

Under t h e s e  s p e c i f i c  condi t ions  changes occur  i n  p r a c t i c a l l y  a l l  
of t h e  systems of t h e  human organism, which i s  d e f i n i t e l y  proven by 
tests conducted under space f l i g h t  condi t ions  and i n  earthbound s t and  
tests.  Most t y p i c a l  are changes i n  metabol ic  processes ,  neurohumoral 
r e g u l a t i o n ,  motor ana lzyer  and card iovascular  system. 
served  c h a r a c t e r i z e  t h e  complex process of t h e  organism's adap ta t ion  t o  
new l i v i n g  cond i t ions ,  d i f f e r e n t  from those  on Earth.  Adaptation l eads  
t o  t h e  formation of a new l e v e l  of human organism funct ioning ,  cor res -  
ponding t o  concre te  l i v i n g  condi t ions .  

The changes ob- 

A t  t h e  same t i m e  a number of changes are de tec t ed  which are t h e  
r e a c t i o n  of t h e  organism t o  the  e f f e c t  of adverse o r  d e l e t e r i o u s  
of f l i g h t  and cosmic space.  I n  view of t h i s  i t  is  necessary t o  provide 
as complete p u r i f i c a t i o n  of a i r  as poss ib l e  from noxious admixtures,  and 
t o  normalize t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  composition of t h e  mic ro f lo ra .  
I n  a d d i t i o n ,  i n  c r e a t i n g  l i f e  support  systems as a whole o r  t h e i r  
i n d i v i d u a l  e lements ,  cons ide ra t ion  must be given t o  t h e i r  s a f e t y  and, 
which i s  p a r t i c u l a r l y  impor tan t ,  t h e i r  compa t ib i l i t y  w i th  man. 

f a c t o r s  

On t h e  b a s i s  of t h e s e  pos i t i ons  i t  may be  concluded t h a t  t h e  
c r e a t i o n  of e f f e c t i v e  and optimum l i f e  support  systems f o r  man i s  p o s s i b l e  
only through a process  of creative co l l abora t ion  of medics and b i o l o g i s t s  
w i th  des igners  of s p a c e c r a f t s  and t h e i r  i n d i v i d u a l  systems. W e  must 
stress t h e  importance and fundamental n e c e s s i t y  of p a r t i c i p a t i o n  of 
r e p r e s e n t a t i v e s  of medicine and biology i n  des igning  space o b j e c t s  a t  
a l l  s t a g e s ,  s i n c e  t h e  c r e a t i o n  of any h a b i t a b l e  space ob jec t  is  t h e  r e s u l t  
of a sea rch  f o r  a r a t i o n a l  compromise between p r e s e n t  engineer ing 
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c a p a b i l i t i e s  and man's phys io logica l  and hygienic  requirements .  I n  t h i s  
respect, de te rmina t ion  o f  permiss ib le  levels of exposure t o  adverse and 
d e l e t e r i o u s  f a c t o r s  merits s p e c i a l  a t t e n t i o n .  On the b a s i s  of gene ra l  
p r i r rc ip les  i t  i s  necessary to f i i r n i s h  recommendations for concre te  space  
o b j e c t s ,  
dura t ion  of the f l i g h t  o r  s t a y  on a p lane tary  s t a t i o n  and t h e  uniqueness 
of t h e  problems f ac ing  t h e  crew. 
levels should b e  determined i n  r e l a t i o n  t o  a t  l eas t  t h e  t i m e  and complex- 
i t y  of the problem set f o r t h  f o r  t h e  crew of t h e  space  o b j e c t .  One 
should a l s o  b e a r  i n  mind t h e  p o s s i b i l i t y  of selective change i n  r e a c t i v i t y  
of t h e  human organism f o r  t h e  purpose of  i nc reas ing  i t s  r e s i s t a n c e  t o  
adverse f a c t o r s  bo th  during prepara t ion  and f l i g h t .  

t ak ing  i n t o  cons idera t ion  as  the minimum two main a spec t s  : 

I n  each concre te  case t h e  pe rmis s ib l e  

O f  course  t h e  f a c t o r s  discussed are f a r  from exhaust ing a l l  of 
t h e  b ioengineer ing  problems 
p lane ta ry  s t a t i o n s .  

r e f e r a b l e  t o  h a b i t a b i l i t y  of spacec ra f t  and 

And even wi th  r e spec t  t o  the problems d iscussed  i n  t h i s  r e p o r t ,  
our  knowledge is  s t i l l  q u i t e  inadequate t o  desc r ibe  completely t h i s  
extremely important problem of medicobiological  s a f e t y  of space f l i g h t s .  

A l l  this p o i n t s  t o  t h e  urgent need of ex tens ive  development of 
s c i e n t i f i c  r e sea rch  on h a b i t a b i l i t y  o f  s p a c e c r a f t  cabins  both on Ear th  
and under f l i g h t  cond i t ions ,  and of f u r t h e r  s t r eng then ing  of c o l l a b o r a t i o n  
of b io logy ,  medicine and technology i n  the matter of conquering cosmic 
space.  
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